| INTRODUCTION
Circular RNAs (circRNAs), the 3′ and 5′ ends of which are covalently linked, constitute a class of non-coding RNAs recently discovered to be widespread and abundant in mammalian cells. 1 Some circRNAs exhibit developmental-stage, tissue and cell-type specific. Recent research has demonstrated that some circRNAs play significant roles in human diseases, including various kinds of cancer, such as gastric cancer, bladder cancer, colorectal cancer, pancreatic ductal adenocarcinoma, and so on. [2] [3] [4] [5] Nevertheless, the association between circRNAs and hepatocellular carcinoma (HCC) remains unknown.
HCC ranks as the fifth most common cancer and the second most frequent lethal cause in men. 6 As we know, chronic fibrosis is a major risk factor for the development of HCC. 7 The lethality of HCC stems in part from underlying chronic liver disease, especially liver cirrhosis (LC). It is very important to scrutinize chronic hepatitis (CH) patients during their whole life. As the most commonly used tumor marker alpha-fetoprotein (AFP), due to low sensitivity, is no more recommended in recent years. 8, 9 Consequently, it is necessary to find novel tumor markers for diagnosing and monitoring patients with HCC and unravel mechanisms in hepatocarcinogenesis.
In this study, we focused our attention on circRNA-hsa_ circ_0003570 (http://www.circbase.org/cgi-bin/simplesearch.cgi),
which is found to be down-regulated in HCC tissues in our previ- Additionally, we found that its down-regulated expression was significantly relative to major clinicopathological factors of patients with HCC.
| METHODS

| Sample collection and ethics statement
A total of 107 pairs of HCC tissues and adjacent non-tumorous tissues were obtained from patients with HCC at three medical centers, 
| Total RNA extraction and reverse transcription
Total RNA was extracted with TRIzol reagent (Invitrogen, Karlsruhe, Germany) in accordance with the manufacturer's instructions.
Concentration and purity of total RNA samples were measured by the Smart Spec Plus spectrophotometer (Bio-Rad, Hercules, CA, USA).
If the ratio of A260/A280 was 1.8-2.0, RNA was used for further experiments. cDNA was synthesized using the GoScript RT System (Promega, Madison, WI, USA) as previously literature described. 
| qRT-PCR detection of hsa_circ_0003570
The was calculated using the 2 −ΔΔC t method. All results were expressed as the mean±SD of three independent experiments. All assays were performed in a blinded fashion.
| Electrophoresis of qRT-PCR products
To prove the correct of qRT-PCR products, 1.5% agarose gel electrophoresis tests was used.
| Cloning and sequencing of qRT-PCR products
Based on the manufacturer's instructions, the qRT-PCR product of hsa_circ_0003570 was first purified by using a UNIQ-10 PCR Product
Purification Kit, and then cloned into the pUCm-T vector (Sangon Biotech). After that, RNA sequencing was performed by Sangon Biotech Co., Ltd.
| Laboratory testing
Morning fasting venous blood (5 mL) was collected from all subjects.
Serum was immediately isolated and stored at −80°C. Liver function including aspartate transaminase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AKP), gamma glutamyl transferase (GGT), total protein, albumin, and total bilirubin was measured by Olympus AU 2700 automatic biochemical analyzer (Olympus, Tokyo, Japan).
AFP was measured with an Elecsys 2010 machine (Roche Diagnostics,
Basel, Switzerland). 
| Statistical analysis
| RESULTS
| General characteristics of the subjects
In the HCC group, about more than four-fifths of patients were men (89.7%); more than 50 years old was up to 78.5%; and about 67.3%
patients had hepatitis B family history. The hepatitis B virus infection rate was up to 85.7%; and AFP positive rate was about 61.2% (Table 1) .
| qRT-PCR product
As shown in Figure 1A , the qRT-PCR products of hsa_circ_0003570 was 135 bp, which was consistent with the predicted size. The headto-tail splicing junction of hsa_circ_0003570 was proved through cloning and sequencing of qRT-PCR products ( Figure 1B ).
| Hsa_circ_0003570 expression was down-regulated in HCC cell lines and tissues
As shown in Figure 2A , compared with human normal hepatic cell line L02, the hsa_circ_0003570 levels were significantly down-regulated in HCC cell lines, HepG2, SMMC-7721, MHCC97L, MHCC97H, and HCCLM3 (P<.001). And the most interesting finding was that the expression level of hsa_circ_0003570 in MHCC97H (higher metastasis cell line) was lower than that in MHCC97L (lower metastasis cell line) (P<.001). Furthermore, hsa_circ_0003570 levels in HCC tissues were lower than that in adjacent non-tumorous tissues ( Figure 2B , P<.001).
| Dynamic changes of hsa_circ_0003570 levels in CH, LC, and HCC tissues
The 77 cases of para-noncancerous liver tissues had pathological diagnosis, among them, 63 cases showed LC (F=4) and 14 cases
showed CH (F=0-3). LC group consisted of 63 para-noncancerous liver tissues and three liver tissues of CH patients if METAVIR scoring was F4 with any stage of histological activity grade. CH group consisted of 14 para-noncancerous liver tissues and 57 liver tissues of CH patients if METAVIR scoring was F0-3 with any stage of histological activity grade. As shown in Figure 2C , the expression levels of hsa_circ_0003570 decreased gradually from CH, to LC, then to HCC group (P<.01), the expression levels of hsa_circ_0003570 in LC group were lower than those in CH group (P<.001); and the expression levels of hsa_circ_0003570 in HCC group were lower than those in LC group (P<.05).
| Potential diagnostic values of hsa_circ_0003570 in HCC
Since we found that hsa_circ_0003570 expression levels were lower in HCC tissues, we further analyzed their association with clinicopathological features of patients with HCC. As shown in Table 1 encapsulation, serum AKP, and serum GGT. To evaluate the potential diagnostic value in HCC, the ROC curve has been used. We found that the area under the ROC curve (AUC) was 0.70 ( Figure 3A) . The sensitivity and specificity were 44.9% and 86.8%, respectively. The cut-off value was 12.24. After that, to further evaluate the potential diagnostic value in cirrhosis, we found that the AUC was 0.778 ( Figure 3B ). The sensitivity and specificity were 69.7% and 83.1%, respectively. The cutoff value was 11.28. 
| DISCUSSION
21,22
CircRNAs have two significant properties: highly conserved and remarkably stable with a half-life more than 48 hours. 23 Harboring these properties, circRNAs may be a promising tumor marker in precision medicine. For example, hsa_circ_002059 and hsa_circ_0000190
have been found to be new biomarkers in the diagnosis of gastric cancer; 23, 24 hsa_circ_0001649 and cirZKSCAN1 have been found to be new biomarkers in the diagnosis of HCC. 25, 26 qRT-PCR can be used to quickly assess the relative abundance of the circRNAs across a panel of samples. 2 In this study, the expression of hsa_circ_0003570 was down-regulated in HCC tissues compared with that in paired adjacent non-tumorous tissues ( Figure 2B ). And, low levels of hsa_circ_0003570 in HCC were associated with tumor size, differentiation, microvascular invasion, BCLC stage, TNM stage, and serum AFP levels (Table 1 ). In the overwhelming majority of cases, the increasing numbers of tumor size, differentiation, microvascular invasion, BCLC stage, TNM stage, and serum AFP levels result in a decreasing 5-year survival rate and increasing rate of recurrence and metastasis. The levels of hsa_circ_0003570 in HCC cell lines were lower than those in L02 (Figure 2A ). Intriguingly, we found that the expression levels of hsa_circ_0003570 in MHCC97H were lower than those in MHCC97L cell lines. As we know, MHCC97-H with high metastatic potential and MHCC97-L with low metastatic potential have 100% and 40% pulmonary metastatic rate, respectively. 27 Hsa_ circ_0003570 is transcribed from FAM53B, whose protein modulates cell proliferation and is one of the regulators of β-catenin-dependent Wnt signaling pathway. 28, 29 Previous studies have certified the importance of Wnt/β-catenin signaling pathway during carcinogenesis, especially in HCC. 30, 31 Taken together, our data suggested that hsa_circ_0003570 may play some roles during HCC invasion and metastasis.
CH followed by concomitant LC is the predominant risk factor for the development of HCC. 31 Advanced CH is described as cirrhosis with a loss of architecture and attendant life-threatening complications, one of which is HCC. 32 The presence of cirrhosis is significantly associated with poor prognosis in HCC patients. 33, 34 A previous study has shown that activated hepatic stellate cells (aHSCs) play a pivotal role in causing LC and infiltration into the HCC stroma, which facilitates malignancy invasion. 35 As shown in Figure 2C , the expression level of hsa_circ_0003570 decreased gradually from CH, to LC to HCC. This indicated that hsa_circ_0003570 had poor performance for differentiating HCC from LC and CH, but had relatively good performance for differentiating LC from CH ( Figure 3) . By studying the functions of hsa_circ_0003570, we could improve our understanding of the mechanisms underlying HCC occurrence and metastasis.
In conclusion, these results indicated that hsa_circ_0003570 was closely correlated with the clinicopathological characteristics of patients with HCC and the background of cirrhosis was related to the decreased hsa_circ_0003570 in HCC patients. 
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